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FAULT TREE ANALYSIS SYSTEM, FAULT
TREE ANALYSIS METHOD AND
PROGRAMME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/053826 filed Feb. 17,2012, claiming
priority based on Japanese Patent Application No. 2011-
035872 filed Feb. 22, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

In fault tree analysis (FTA), and in a case that minimal cut
sets are required to have at most a certain maximal order, for
example, M, a weeding method is introduced to remove an
overlong conjunction (combination) of events generated dur-
ing evaluation of the MCSs.

BACKGROUND ART

In fault tree analysis (FTA), and in a case that minimal cut
sets are required to have at most a certain maximal order, for
example, M, a weeding algorithm is introduced to remove an
overlong conjunctions (or combinations) of events generated
during evaluation of the MCSs.

A classical weeding algorithm is disclosed in NPL 1. Given
a conjunction, and representing the number of order of the
conjunction as V, it can be calculated by: V=c.+f+9. in which
a and § denote the numbers of the basic events of the con-
junction and the disjunctions (OR gates) with only basic
events none of which is included in category 1 and no com-
monality among themselves, respectively. The parameter 9 is
set to 1 if the conjunction contains a set of disjunctions with
only basic events none of which is included in category 1 but
contain a commonality among themselves; otherwise, d is set
0.

In this algorithm, basic events and two types of OR gates
are taken into account, and individual numbers of orders of
other gates, such as k/n gates, are excluded (that is, the num-
bers of orders are simply regarded as zero when calculating
V).

Moreover, a standard expanding algorithm of k/n gate is
disclosed in NPL 2. According to NPL 2. and representing
e, ...,e,as events, a k/n gate as given by:

can be expanded in the form given by:
kiney, ..., e, )=e (k=1)/(n-1)(es, .. ., e, )+k)/(n-1)

The time complexity of this expanding algorithm can be
reduced by:

Olken)
as compared with a conventional calculating method.
CITATION LIST
Non Patent Literature

NPL 1: D. M. Rasmuson and N. H. Marshall, “FATRAM—A
Core Efficient Cut-Set Algorithm”, IEEE Trans. on Reli-
ability, Vol. R-27, 1978, pp. 250-253.
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NPL 2: A. Rauzy, “Toward an Efficient Implementation of the
MOCUS Algorithm”, IEEE Trans. on Reliability, Vol. 52,
2003, pp. 175-180.

SUMMARY OF INVENTION
Technical Problem

However, the expanding still results in a factorial space
complexity in terms of the number of final resulting conjunc-
tions, even given a maximal order M and the weeding algo-
rithm of the non-patent reference 1. The space problem can
easily result in memory out in practice, even for not so big k,
n, and M. The traditional algorithms are apt to fail when
relatively large and complex k/n gates are introduced, such as
the server clusters of data centers in cloud computing. As used
herein, “complex” refers to a condition that inputs to a k/n
gate are not basic but intermediate events.

The reason is that the orders of k/n gates are not evaluated
by traditional methods (i.e., simply treated as 0), and the k/n
gates are supposed to be expanded repeatedly until k=1 or
k=n, or the orders of the conjunctions including them are
bigger than the maximal order of MCSs. This may resultin a
huge number of overlong conjunctions and cause memory out
problem due to the factorial space complexity of expanding.

The present invention has been thus made in view of such
a problem, and its object is to provide a fault tree analysis
system, a fault tree analysis method, and a program therefor
capable of evaluating the orders of some k/n gates without
expanding, such that the overlong conjunction including
these k/n gates can be weeded out earlier during the evalua-
tion of MCSs of fault trees.

Solution to Problem

The present invention is a fault tree analysis system, com-
prising: k/n conjunction weeding means for weeding a con-
junction including disjoint basic k/n gates and disjoint simple
k/n gates and removing the conjunction if its order is greater
than a given maximal order of MCSs.

The present invention is a fault tree analysis method, com-
prising: weeding a conjunction including disjoint basic k/n
gates and disjoint simple k/n gates and removing the conjunc-
tion ifits order is greater than a given maximal order of MCSs.

The present invention is a program for fault tree analysis,
causing an information processing apparatus to execute: k/n
conjunction weeding processing of weeding a conjunction
including disjoint basic k/n gates and disjoint simple k/n gates
and removing the conjunction if its order is greater than a
given maximal order of MCSs.

Advantageous Effects of Invention

The present invention can weed out some overlong con-
junctions including k/n gates at the early stage during evalu-
ation of minimal cut sets (MCSs) in a fault tree.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a first embodiment.

FIG. 2 is a flow chart of the first embodiment.

FIG. 3 is a block diagram of a second embodiment.

FIG. 4 is a flow chart of the second embodiment.

FIG. 5 is a diagram showing an exemplary rule for simpli-
fying k/n gates.

FIG. 6 is a diagram showing a logical formula of a fault tree
in a first case in Example 1.
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FIG. 7 is a diagram showing a logical formula of a fault tree
in a second case in Example 1.

FIG. 8 is a diagram showing a logical formula of an MCS
in a fault tree in the second case after applying the present
invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings.

FIG. 1 is a block diagram of a first embodiment.

Referring to FIG. 1, the first embodiment of the present
invention comprises general MCS evaluating means 110 and
k/n gate conjunction weeding means 120.

These means operate as generally described below:

The general MCS evaluating means 110 reduces the MCSs
from a logically expressed fault tree, and weeds non-k/n
conjunctions (that do not include k/n gates) generated during
the reduction of the MCSs.

The k/n conjunction weeding means 120 weeds a conjunc-
tion including disjoint basic k/n gates and/or disjoint simple
k/n gates. A result of the weeding (either the original conjunc-
tion or logic False according to whether its order is less than
or equal to the maximal order or not, respectively) is sent back
to the general MCS evaluating means 110 for further evalu-
ation of MCSs.

As used herein, a basic k/n gate refers to a k/n gate with
inputs of only basic events.

Moreover, a simple k/n gate refers to a k/n gate with inputs
of DNF's of basic events, and I call the conjunctive clauses of
the DNFs as the input clauses of the k/n gate for short after-
wards.

Furthermore, a disjoint k/n gate refers to a k/n gate that
includes no common (repeated) input event or clause with the
other events of the same conjunction.

Next, a general operation of the present embodiment will
be described in detail with reference to FIG. 1 and the flow
chart in FIG. 2.

First, a fault tree in a logical expression is input to the
present system (Step Al).

Subsequently, the general MCS evaluating means 110
evaluates the MCSs with traditional methods such as first
transforming the input fault tree into a DNF and then remov-
ing redundant conjunctions from the DNF (Step A2).

A check is made for each (intermediate) conjunction
whether the conjunction includes a k/n gate or not.

In a case that it includes a k/n gate, the conjunction is called
ak/n conjunction; otherwise, a non-k/n conjunction. Forak/n
conjunction, the k/n conjunction weeding means 120 applies
a weeding process (Step A3). For a non-k/n conjunction, the
general MCS evaluating means 110 applies a conventional
weeding process (e.g., the one according to NPL 1) to it (Step
A4).

The k/n conjunction weeding process proceeds by classi-
fying events in the conjunction. Four kinds of events are
considered as the order contributors of the conjunction as
follows:

(1) A set of basic events, let the number (of such basic
events) be o

(2) A set of OR gates with inputs of only basic events, none
of' which is included in (1) and contain no commonality (not
repeated input) among themselves, let the number (of such
OR gates) be f3;

(3) A set of OR gates with inputs of only basic events, none
of which is included in (1) but contain some commonality
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among themselves. A parameter 9 is set to 1 in a case that the
cardinality of such a set of OR gates is greater than 0; other-
wise, to 0;

(4) A set of disjoint basic k/n gates and disjoint simple k/n
gates, let the number (of such k/n gates) be m, and a parameter
€ is defined as:

e=2,_,"k;

The other events of the conjunction, such as AND gates
with inputs of non basic events, are not considered as the
contributors and their orders are treated as 0.

Representing the order of a conjunction as V, it can be
calculated by V=o+f+d+¢. In a case that V>M, the conjunc-
tion is weeded out; otherwise, it is retained for further MCS
reduction.

After the weeding, the system makes a check whether all
conjunctions are MCSs or not. In a case that all the conjunc-
tions are MCSs, the resulting MCSs are output (Step A5). In
a case that not all conjunctions are MCSs, the process goes
back to Step A2, and further MCS reduction is made.

Next, an effect of the present embodiment will be
described.

The present embodiment comprises the step of evaluating
the order of a disjoint basic k/n gates or a disjoint simple k/n
gate, such that the order of a conjunction including disjoint
basic k/n gates and/or disjoint simple k/n gates can be evalu-
ated more accurately without expanding the k/n gates. There-
fore, an overlong conjunction including disjoint basic k/n
gates and/or disjoint simple k/n gates can be timely weeded
out and the space (memory) for storing otherwise expanded
k/n gates can be saved.

Next, a second embodiment of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIG. 3 is a block diagram of the second embodiment.

The second embodiment comprises k/n gate simplifying
means 111 in addition to the first embodiment.

The k/n gate simplifying means 111 simplifies a k/n gates
into a disjoint basic k/n gate or a disjoint simple k/n gate by
removing the repeated input events and clauses to the k/n
gate.

Next, a general operation of the second embodiment will
be described in detail with reference to FIG. 3 and the flow
chart in FIG. 4.

The second embodiment is similar to the first embodiment,
except an additional Step A2a is added between Steps A2 and
A3.

At Step A2a, the k/n gate simplifying means 111 removes
the repeated inputs to simplify a k/n gate into a disjoint basic
k/n gate or disjoint simple k/n gate.

Representative simplifying rules are listed in FIG. 5.

Next, an effect of the second embodiment will be
described.

The second embodiment comprises a step of simplifying a
k/n gate into a disjoint basic k/n gate or a disjoint simple k/n
gate. Hence, a non-disjoint k/n gate can be accurately weeded
without expanding any part thereof.

Example 1

Next, an operation of the embodiments of the present
invention will be described using specific examples.

Two cases are used to demonstrate effectiveness of the
present invention. It should be noted that the maximal order
for MCSs is defined as five in the two cases.

A fault tree in the first case is comprised of only one basic
k/n gate.
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A fault tree in the second case is comprised of many k/n
gates having repeated inputs.

A logical expression of the fault tree in the first case is
shown in FIG. 6, and that in the second case in FIG. 7. As used
herein, b, (i=1, . . ., n) is used to denote the basic events in a
fault tree.

Referring to FIG. 6, the input fault tree in the first case is a
basic 6/12 gate. Since the value of k, i.e., six, is greater than
the maximal order, five, the basic 6/12 gate is weeded out by
the k/n conjunction weeding means 120 (Step A3 in FIG. 2),
and no qualified MCS is available for the fault tree, that is, a
logical output is false.

As compared with a conventional method, the computation
time in the present case for the present invention is almost
zero, whereas the ITEM ToolKit 7.08 (a commercial FTA
tool) based on the conventional method requires approxi-
mately 700 milliseconds.

Further, the ITEM ToolKit encounters a memory overflow
error when k=8 and n=16, while the present invention is still
capable of processing within a negligible period of time.

Referring to FIG. 7, there are many repeated inputs in the
k/n gates of the fault tree, such as b,,, in 2/2 (bsg+b;,,
bsgtb,5,), or 2/2 (bgsg+b, 55, bsgtb,,-) in the last complex
6/12 gate. These repeated inputs, can be removed by the k/n
gate simplifying means 111 before the weeding process.

Two kinds of methods can be applied in this case as shown
in FIG. 5. One is to remove the repeated inputs of the k/n gate
with the help of some other events of the fault tree as denoted
by the rule (5-4a), the other is to remove the repeated inputs
within the k/n gates themselves as denoted by the rule (5-2a).
For example, by applying the rule (5-4a) and rule (5-2a), the
k/n gate 2/2 (bsg+b,,5, bsg+b;,,) can be simplified into the
basic k/n gate 2/2 (bsg, bss) (Step A2a in FIG. 4), because of
b1p7#+2/2 (bsg+bioy, bsotbiop)+ . =by5742/2 (bsg,
bso, +b15)+ ... =b5,42/2 (bsg, bse, )+ . . . . Since the basic k/n
gate 2/2 (bsg, bsg) is a disjoint basic k/n gate having a number
of'order of'k (=2), which is less than the maximal order (=5),
a result of the weeding is 2/2 (bsg, bsg) (Step A3 in FIG. 4).

A final result of the fault tree in the example obtained by
repetitively applying the simplifying and weeding processes
is shown in FIG. 8. Note that there is no MCS including the
disjoint events of the last 6/12 gate, such as b, and b, since
the simplified k/n gate of the original 6/12 gate consisting of
only these disjoint inputs is weeded out in the result by the k/n
conjunction weeding means 120. The reason thereof is that
the simplified k/n gate is a disjoint simple k/n gate having a
number of order of k (=6), which is greater than the maximal
order (=5).

Regarding the present case, the present invention requires
approximately 48 milliseconds in evaluating MCSs, whereas
the ITEM ToolKit requires approximately 21 seconds (not
milliseconds, unlike the present invention). This comparison
proves efficiency of the present invention.

Moreover, while several components may be configured in
hardware, they also may be implemented by a computer pro-
gram, as is obvious from the preceding description. In this
case, a processor that is operated by programs stored in a
program memory implements functions and/or operations
similar to those in the aforementioned embodiments. It is also
possible to implement part of functions of the aforementioned
embodiments by a computer program.

Further, the content of the above-mentioned exemplary
embodiments can be expressed as follows.
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(Supplementary note 1) A fault tree analysis system, com-
prising:

k/n conjunction weeding means for weeding a conjunction
including disjoint basic k/n gates and simple k/n gates and
removing the conjunction if its order is greater than a given
maximal order of MCSs.

(Supplementary note 2) The fault tree analysis system
according to Supplementary note 1, comprising:

k/n gate simplifying means for removing the repeated input
events and clauses to a k/n gate and simplifying the k/n gate
into a disjoint basic or a disjoint simple k/n gate based on a set
of simplifying rules.

(Supplementary note 3) The fault tree analysis system
according to Supplementary notes 1 or 2, wherein:

said basic k/n gate refers to a k/n gate whose inputs are
basic events only;

said simple k/n gate refers to a k/n gate whose inputs are
DNFs (disjunctive normal forms) of basic events; and

said disjoint k/n gate refers to a k/n gate that includes no
input event or clause common to another event in the same
conjunction.

(Supplementary note 4) A fault tree analysis method, com-
prising:

weeding a conjunction including disjoint basic k/n gates
and disjoint simple k/n gates and removing the conjunction if
its order is greater than a given maximal order of MCSs.

(Supplementary note 5) The fault tree analysis method
according to Supplementary note 4, further comprising:

removing the repeated input events and clauses to a k/n gate
and

simplifying the k/n gate into a disjoint basic k/n gate or a
disjoint simple k/n gate based on a set of simplifying rules.

(Supplementary note 6) The fault tree analysis method
according to Supplementary notes 4 or 5, wherein:

said basic k/n gate refers to a k/n gate whose inputs are
basic events only;

said simple k/n gate refers to a k/n gate whose inputs are
DNFs (disjunctive normal forms) of basic events; and

said disjoint k/n gate refers to a k/n gate that includes no
input event or clause common to another event in the same
conjunction.

(Supplementary note 7) A program for fault tree analysis,
causing an information processing apparatus to execute:

k/n conjunction weeding processing of weeding a conjunc-
tion including disjoint basic k/n gates and disjoint simple k/n
gates and removing the conjunction if its order is greater than
a given maximal order of MCSs.

(Supplementary note 8) The program according to Supple-
mentary note 7, causing the information processing apparatus
to execute:

k/n gate simplifying processing of removing the repeated
input events and clauses to a k/n gates and simplifying the k/n
gate into a disjoint basic k/n gate or a disjoint simple k/n gate
based on a set of simplifying rules.

(Supplementary note 9) The program according to Supple-
mentary notes 7 or 8, wherein:

said basic k/n gate refers to a k/n gate whose inputs are
basic events only;

said simple k/n gate refers to a k/n gate whose inputs are
DNFs (disjunctive normal forms) of basic events; and

said disjoint k/n gate refers to a k/n gate that includes no
input event or clause common to another event in the same
conjunction.

Above, although the present invention has been particu-
larly described with reference to the preferred embodiments
and examples, it should be readily apparent to those of ordi-
nary skill in the art that the present invention is not always
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limited to the above-mentioned embodiments and examples,
and changes and modifications in the form and details may be
made without departing from the spirit and scope of the
invention.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-035872,
filed on Feb. 22, 2011, the disclosure of which is incorporated
herein in its entirety by reference.

REFERENCE SIGNS LIST

110 General MCS evaluating means
111 k/n gate simplifying means
120 k/n conjunction weeding means

The invention claimed is:

1. A fault tree analysis system, comprising:

computer hardware configured to implement:

a k/n conjunction weeding unit configured to classify
events in conjunction, including at least one of disjoint
basic k/n gates and disjoint simple k/n gates, weed the
conjunction, and remove the conjunction if its order is
greater than a given maximal order of minimal cut sets
(MCSs).

2. The fault tree analysis system according to claim 1,

comprising:

a k/n gate simplifying unit that removes repeated input
events and clauses to a k/n gate and simplifies the k/n
gate into a disjoint basic k/n gate or a disjoint simple k/n
gate based on a set of simplifying rules.

3. The fault tree analysis system according to claim 2,

wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.

4. The fault tree analysis system according to claim 1,

wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.

5. A fault tree analysis method of a fault tree analysis

system, comprising:

classifying events in conjunction including at least one of
disjoint basic k/n gates and disjoint simple k/n gates,
weeding the conjunction, and removing the conjunction
if its order is greater than a given maximal order of
minimal cut sets (MCSs).

6. The fault tree analysis method according to claim 5,

further comprising:

removing repeated input events and clauses to a k/n
gate and
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simplifying the k/n gate into a disjoint basic k/n gate or a
disjoint simple k/n gate based on a set of simplifying
rules.

7. The fault tree analysis method according to claim 6,

wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.

8. The fault tree analysis method according to claim 5,

wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.

9. A non-transitory computer readable storage medium
storing a program for fault tree analysis, causing an informa-
tion processing apparatus to execute:

classifying processing of classifying events in conjunction
including at least one of disjoint basic k/n gates and
disjoint simple k/n gates,

k/n conjunction weeding processing of weeding the con-
junction, and removing the conjunction if its order is
greater than a given maximal order of minimal cut sets
(MCSs).

10. The non-transitory computer readable storage medium
storing a program according to claim 9, causing the informa-
tion processing apparatus to execute:

k/n gate simplifying processing of removing repeated input

events and clauses to a k/n gate and simplitying the k/n
gate into a disjoint basic k/n gate or a disjoint simple k/n
gate based on a set of simplifying rules.

11. The non-transitory computer readable storage medium
storing a program according to claim 9, wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.

12. The non-transitory computer readable storage medium

storing a program according to claim 10, wherein:

said basic k/n gate corresponds to a k/n gate whose inputs
are basic events only;

said simple k/n gate corresponds to a k/n gate whose inputs
are DNFs (disjunctive normal forms) of basic events;
and

said disjoint k/n gate corresponds to a k/n gate that includes
no input event or clause common to another event in a
same conjunction.
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